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ABSTRACT
Neurodegenerative diseases such as Alzheimer’s, Dementia, and Parkinson’s affect hundreds of
millions of people across the nation and world each year. While medications targeting disease
pathways have often resulted in debilitating side effects, neurodegenerative diseases may be
targeted by common pathways that promote healing of tissues via reduced inflammation,
increased perfusion, and increased energy production. Photobiomodulation (PBM) targets all of
these physiological processes with non-invasive near infra-red light stimulation and for this
application the treatment will be applied to the head. Transcranial PBM has been used to
effectively treat neurodegenerative diseases with improved cognitive and motor control
outcomes. PBM applied to the brain causes detectable changes in brain activity, measured by
electroencephalography (EEG). However, no tool exists to simultaneously implement PBM and
EEG. Thus, the goal of this project was to design and prototype a hybrid PBM and EEG device.
This report was created for the mechanical subsection of this project, which focuses on the
integration of the EEG sensors, LED arrays, and cooling system, as well as the overall design of
the helmet. The team was successfully able to create an effective cooling system through the
utilization of heatsinks on the LED boards and fans attached to the OpenBCI helmet. The team
was also able to successfully design and 3D print LED arrays to uniquely fit into the OpenBCI
helmet, as well as a helmet shell cover. These designs allowed for the successful and safe
integration of photobiomodulation into the EEG device.
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CHAPTER 1: INTRODUCTION
This chapter includes the necessary background information on the project to be able to
understand the problem, benefits of PBM light therapy, and existing solutions. The description
for how this device is unique is also outlined in this section, along with the specific objectives for
each subsection.
1.1 Problem Statement
Currently, there are no products on the market that can simultaneously record brain activity
while also administering light therapy to patients who have neurodegenerative diseases. There
are only devices that only administer light therapy or only record brain activity. Being able to do
this simultaneously is important so that one can measure and evaluate which parts of the brain
are not functioning properly, which are therefore the parts of the brain that require the most light
therapy. This allows for modular control of LED panels, which means that specific parts of the
brain can be stimulated with light therapy, and at different intensities. With an integrated light
therapy and brain activity recording device, patients will receive a personalized and more
effective form of treatment.

1.2 Background
Brain diseases and traumas such as Alzheimer’s, Dementia, stroke, anxiety, and depression affect
hundreds of millions of people worldwide each year. There are currently an estimated 6.2 million
people living with Alzheimer’s disease and this number is only projected to grow as our average
lifespan increases [1]. The Novel Hybrid Electroencephalography and Near-Infrared Brain
Modulation Device is a project that researches closed-loop neuromodulation and how to build
upon these outcomes using near infrared photobiomodulation, or PBM. More specifically, three
sub-teams will work together to design and build an EEG and LED PBM device that uses
instantaneous EEG neurofeedback to help create a PBM signal control interface. This device will
provide therapy through an apparatus on the head and is building off of research done by Dr.
Marvin Berman. Dr. Berman’s research has found that this type of device can help regenerate
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and repair brain tissue and his clinical trials have offered positive results including increased
memory, lowered anxiety, better recall, and more.
The MECH team will be responsible for creating the helmet shell of the Novel Hybrid
Electroencephalography and Near-Infrared Brain Modulation Device. This team will research
and design a helmet with correct placement of diodes and channels in order to ensure that the
device functions well and properly. This will include ensuring that tolerances for the diode
holders are correct, the patterns for proper readings are correct, etc. Additionally, the team will
focus on pairing this helmet with a cooling system so that the device does not overheat. Overall,
our goal is to create a user-friendly device that is effective in carrying out Dr. Berman’s
technology while simultaneously providing a user friendly device for customers.
1.2.1 PBM Benefits
tPBM stands for transcranial photobiomodulation which is a light therapy using near-infrared
high wavelength LEDs used to treat neurodegenerative diseases, brain trauma injury, and
psychiatric disorders [2]. tPBM therapy can improve healthy brain function and these changes
are present on EEG recordings. Dr. Marvin Berman of the Quiet Mind Foundation currently
utilizes this PBM technology for his patients who suffer from brain diseases such as Alzheimer’s
and Parkinson’s as well as brain traumas. In his research and clinical trials, he has found that
PBM therapy using infrared LEDs with a 1070 nm wavelength elicits the best results for his
patients [2]. His patients’ symptoms have improved significantly including improved recall,
decreased anxiety, decreased stress, and much more. Figure 1 shows one of his Alzheimer’s
patients attempting to draw a clock from memory before and after a series of PBM sessions and
as you can see the patient’s memory has improved significantly.
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Figure 1: Alzheimer’s patient attempting to draw a clock from memory before and after a series
of PBM therapy sessions [3]
1.3 Existing PBM and EEG Devices

The Cognitolite 1070nm Pulsed Intraocular and Transcranial PBM System shown in Figure 2 is
an existing design of Dr. Berman’s devices with this one having separate adjustable pods of high
density LED lights for PBM therapy. This system is very bulky and does not have EEG sensors.

Figure 2: Cognitolite 1070 nm Pulsed Intraocular & Transcranial PBM System [4]
Figure 3 shows the device Dr. Berman has created and is currently using in his clinical trials.
This device offers 4 programmable LED modules and does not offer any EEG component.
3

Figure 3: Neuradiant 1070nm Programmable 4-Quadrant PBM System [5]
The Vielight Neuro Pro shown in Figure 4 is another PBM device currently on the market. This
device offers 7 LED modules with very low LED density within each module. This device does
not have an EEG component.

Figure 4: Vielight Neuro Pro [6]
Figure 5 is an existing mesh net design for EEG sensors. This cap contains wet electrodes but
does not have an LED PBM component.
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Figure 5: WaveGuard Net from Ant Neuro [7]
The Epoc Plus is an EEG device that uses wet electrodes to wrap around both sides of the head.
They have good contact with the scalp but it cannot reach the forehead or other important parts
of the head. This device also does not provide a PBM component.

Figure 6: Epoc Plus from Emotiv [8]
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Table 1: Existing PBM Devices on the Market
Device

Manufacturer

Suppliers

Price

Sales Volume

Pictures

Cognitolite

Quiet Mind

Baylor

$10,000.00

Clinical Trial

Figure 2

PBM System

Foundation

Research,

Only

Texas A and

[4]

M Medicine
Neuradiant

Neuronic

Baylor

$5,000

Available for

1070nm

Research,

Public

Programmable

Texas A and

Purchase

4-Quadrant

M Medicine

Figure 3

PBM System

[5]
Vielight Neuro

Vielight

Vielight

$5,000

Pro [6]

Available for

Figure 4

Public
Purchase

Table 2: Existing EEG Devices on the Market
Device

Manufacturer

Suppliers

Price

Sales Volume

Pictures

WaveGuard

eemagine

N/A

$10,461

Not Public

Figure 5

Net [7]

Medical Imaging

Information

Solutions GmbH
Epoc Plus [8]

Emotiv

Emotiv

Discontinued

Discontinued

Figure 6

Currently, there are no devices on the market that integrate PBM and EEG components. There is
a need for a device that effectively integrates both technologies to offer the best possible PBM
therapy for neurodegenerative conditions. Additionally, based on Table 1 and 2, some notable
opportunities for improvement based on the criteria above should be ensuring that our device is
much cheaper to purchase and available outside of clinical trials. When looking at each of the
devices, the team could also ensure that the product is less bulky than Figure 2. It is imperative to
6

ensure that the device is user friendly and ergonomic to set it apart from other products. The
team could also create a wireless device which is standard in products nowadays. A visual
representation of some of the existing devices are shown in Figure 7, which are categorized by
cost and effectiveness.

Figure 7: Competition Chart comparing EEG components of existing products with what the
team aims to design. Our ideal design would fit this market need, which is a relatively low
priced, dry electrode, and effective helmet.

1.4 Objectives: Mechanical Team
Knowing what was missing on the market, the team created a device and system that integrates
both the PBM light therapy as well as EEG readings. As a mechanical engineering team, the
overall objective was to cohesively integrate LED arrays, cooling system, EEG sensors, and
other electrical components into one helmet as shown in Figure 8. Specifically, the first objective
was to create an LED array that is able to adjust so that the LED diodes are as close as possible
to the scalp of the patient, regardless of the size of their head. Also, these LED arrays must have
a high density of diodes and specifically a higher density than what is currently on the market.

7

Since heat is produced when administered light therapy, the second objective was to design an
efficient cooling system to regulate the temperature and ensure a comfortable experience for the
user. All of these objectives are documented throughout this thesis and were presented in the
team’s oral presentation. These presentation slides are included in Appendix A.

Figure 8: Subsystems to Integrate into OpenBCI helmet
Figure 8 is taken from the team’s presentation slides, which are referenced in Appendix A. As
shown, the needed components to integrate into one device include the electrodes that read brain
activity, LED arrays to effectively administer light therapy, a cooling system to maintain the
system at a comfortable temperature, and electrical components to power the system and allow
for bluetooth communication.
1.5 Objectives: Electrical and Bioengineering Team
The team worked closely with the electrical and bioengineering team to make this system work
as a whole. Their main objective was creating a real time neurofeedback closed loop system that
connects the EEG readings and the infrared light therapy. This has to do with the communication
and process between reading brain activity and connecting that to administering a specific
amount of light at specific locations on the brain. Within this overall objective, they also had the
objective to successfully deliver light therapy treatment and make sure that the LEDs can be
controlled at different intensities. Another objective was to have the EEG sensors be able to
detect and record brain activity.

8

CHAPTER 2: DESIGN PROCESS
Chapter 2 intends to highlight the needs identified by the team through customer interviews and
interviews with professionals in the industry. Additionally, there are tables and information
regarding product specifications and key elements necessary for the successful creation of the
project.
2.1 Customer Needs
After conducting customer interviews with Dr. Berman, Dr. Scott, engineers, professionals who
administer light therapy, patients, and family members of patients, our team was able to
determine the most important aspects of our design as outlined in Table 3.
Table 3: Raw Data from Customer Interviews
#

Need

Importance (1-5, where 5 is
high importance)

1

Easy to use

4

2

USB charging

4

3

Power and session time adjustable

3

4

Affordable

2

5

On/Off Button

3

6

Resistant shell (from breaking, melting, or stretching)

3

7

Comfortable on patient

2

8

Active Cooling System

5

9

Self Administered (helmet can be used at home by patient)

4

10

High density of LEDs

5

11

Minimal space between LEDs and scalp

5

9

12

Adjustable for multiple sized heads

2

13

Mesh based system + hard shell helmet (shown in images

2

below)
14

Space for EEG sensors (electrodes)

5

15

Lightweight

3

16

Know when LED lights are on

4

2.2 Customer Needs Reflection:
One of the most important customer needs is that the LED arrays must be high density and be as
close as possible to the scalp of the patient. This will ensure the most effective light therapy
treatment for the patient. Another important element for our team will be the design of the
cooling system in the helmet. The cooling system must be able to maintain the device at a
comfortable temperature while the LEDs are on so that the system does not overheat and burn
the patient or melt any of the device materials. Also, it is essential that there is a helmet design
that is able to hold and have space for all of the electrodes and LED arrays. This will ensure that
brain activity will accurately be read from the needed locations on the head. The therapy sessions
must also be adjustable so that a patient can have the LED lights on for a specific time. Some
other less important but notable design needs will be ease of use, USB charging, and including
resistant shell material with a high melting point and high ultimate tensile strength. Lastly, since
the infrared LED lights are not visible to the human eye, there must be an indicator such as a
visible light diode to signal that the infrared LED diodes are turned on.
2.3 Product Specifications
Using the customer needs as a base, our team was able to create this list of product
specifications, which provided quantitative values to be used as metrics to reach for this project,
as shown in Table 4.
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Table 4: Product Specifications - Design Parameters
Need

Metric

Value

Units

Comment

#s
10,11

Importance
(1-5)

Diodes

>256

Number of diodes

The more diodes the more

(50mW/diode)

effective and more time

5

efficient
10,14,1

Diode Array

3,3

Positioning

8

Max Temp

1-5

mm

Distance from one another? 4

43

Degrees Celsius

Before or after the cooling

5

system?
8

Ideal Temp

40

Degrees Celsius

104 Degrees F

3

14

Electrode

1

cm

Standard

5

19

Number of

Diameter
14

Electrodes

5

electrodes
Channels

15,

Helmet

4,7,6,1

thickness

21

> 2.5

Number of

19 for electrodes, 1 for

Channels

reference, 1 for ground

cm

Must be thick enough to

5

3

hold LED

3
15,13

Max Weight

<2

kg

Must be light enough for

4

self-administered use
(especially elderly)
6

Melting Point

100

Degrees C

Dependent on material

3

3,000-

US Dollars ($)

For overall project

3

of Helmet
4

Price

11

4,000

1

Set up Time

10

Minutes

This does not include the

3

time that the helmet is
actively in use.
2

Charging

>2.5

Watts

Standard, Computer USB

power
8

Cooling Fan

2

outputs 2.5 W
5,000

rpm

Reference: Computer CPU

4

>1

cm

Dependent on material

3

1

diode

Green visible light LED

4

Speed
7,13

Thickness of
padding

16

LED ON/OFF
indicator

diode

2.4 Product Specifications Reflection
When looking at these product specifications, it is seen that the most important metrics for the
success of our project are those that pertain to being able to effectively administer light therapy
and take EEG readings of the brain. This includes number of diodes, number of electrodes,
number of channels, and max temperature. For the number of LED diodes, our team made the
goal to have more than 256 because Dr. Berman’s existing light therapy helmet currently has 256
diodes. The team wanted to create a device with a higher density of LEDs than what is currently
on the market and therefore chose this specific metric as a goal. It is also important to note the
maximum temperature that the scalp can tolerate, which is 50℃. This is set as a maximum
temperature for existing light therapy helmets and similar medical devices. But, for this device it
is a goal to maintain the temperature at around 40℃. This is close to body temperature and
therefore will not provide any discomfort for patients.
Moreover, when benchmarking existing products with our device, it is determined that there is a
need in the market for our device. There is not yet a therapy device on the market that utilizes
12

both EEG and PBM technology. The team can use the existing products to help benchmark
certain product specifications that our apparatus may use. Comparing existing products on the
market while simultaneously analyzing product specifications allowed us to get a better
understanding of how to prioritize our project moving forward and how to ensure our product
stays on par or better with those on the market.
For our device the team aims to integrate PBM with EEG. For the PBM component, the team
wants to include modular LED panels so that there is a level of control over frequency
stimulation on different parts of the brain as well as full high density coverage of the LEDs
around the head to maximize healing capabilities. For the EEG component, the team is using the
OpenBCI Ultracortex "Mark IV" EEG Headset shown in Figure 9. This EEG device was chosen
because the electrodes provide shielding from noise in the EEG readings as well as provide a
good base to build off of and add the PBM components.

Figure 9: OpenBCI Ultracortex "Mark IV" EEG Headset [9]
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CHAPTER 3: DESIGN SELECTION
The following chapter discusses how the team began brainstorming and deciding on different
potential design ideas for the project. By utilizing different selection matrices and design criteria,
the team was able to combine the benefits of multiple designs.
3.1 Overall System Sketch
In the beginning prototyping stage of our design process, the team created this system sketch to
be able to understand how the system works as a whole. This helps to visualize how the
mechanical, electrical, and bioengineering goals come together to create one cohesive system.

Figure 10: Total Design Sketch
As shown in the drawing, the patient is sitting down and wearing the light therapy helmet. The
helmet components including the fans, electrodes, and LEDs are powered through a wire to the
power pack, which is connected to a pouch that the patient has strapped around their body. It is
important to note that nothing connected to the helmet is plugged into the wall, which allows the
patient to stand up and walk around freely if they choose to do so. Also, the electrodes on the

14

helmet read brain activity and transfer this data to a nearby computer via bluetooth, which reads
the data on software that is provided by the OpenBCI website. Then, commands are sent via
bluetooth from the computer back to the helmet to control the LED arrays. Different arrays can
be turned on or off and the intensity of the light can also be adjusted based on what the patient
may specifically need.
3.2 Selection Matrices
To begin the prototyping stage of this project, the team conducted brainstorming sessions where
ideas and concepts were tossed around for each subsystem. These subsystems include the cooling
system and helmet base. The concepts were turned into sketches so that the ideas could be
visualized and further understood. Screening matrices were created for each subsystem, which
compared the sketches under a scoring system of different parameters. If one of the ideas added
to the parameter, it received a “+”, if it did not improve or make a parameter worse it got a “0”,
and if it made a parameter worse, it received a “-”. For example, if one of the parameters was
“lightweight”, a prototype that is heavy would receive a “-”. From this, a score was calculated
for each idea with the “+” adding a point and the “-” subtracting a point. These scores were
compared and the ideas with the lowest scores were eliminated.
The next step was combining these existing prototypes and coming up with new ideas to
generate new sketches. These new and improved ideas were compared to each other through a
selection matrix, as shown in Table 6 and Table 8. The same parameters from the screening
matrix were used, but for this step each parameter was given a weight of importance in terms of
a percentage. Each idea was given a rating from 1-5 for each selection criterion and then this
score was multiplied by the percentage that that specific parameter had. This results in a
weighted score. The weighted score for each parameter is added up for each idea. Then, these
final sums are compared to determine which idea is the one that is used.
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3.2.1 Cooling System
In the process of prototyping the cooling system, the three ideas the team had was a fan attached
to the back of the helmet, a shell with vents, and a water pump system. From this, a screening
matrix was created as shown in Table 5.

Figure 11: Fan Cooling System

A

Figure 12: Vented Cooling System

Figure 13: Water Pump

C

B

Table 5: Screening Matrix for Cooling System
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From doing the screening matrix, the fluid cooling system was eliminated because of the
complexity of this system. There would have to be a reciprocal to carry the water, as well as a
container to collect the water exiting the system. There is also an issue of safety which arises with
mixing a liquid cooling system and electronics. The idea of the vents in a helmet shell could work,
so that idea is a possibility. But, the most efficient idea from this table are the fans, which will be
used in the next step of prototyping.
New Designs:

Figure 14: Fan Cooling System

Figure 15: Fan and Vent Cooling System

AA

A+ B

From the previous screening matrix, the following new designs were created. The first idea titled
“AA” as shown in Figure 14 incorporates two fans that are placed under the helmet and connected
to a battery that is at the back of the head. The second idea titled “A+B” incorporates the ideas of
the helmet shell with vents as well as the multiple fans idea. This way, the airflow of the fans can
be pushed through and ventilated through the vents.
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Table 6: Selection Matrix for Cooling System

The main criteria for our cooling system included weight, bulkiness, comfort, ease of use, and
maintaining a comfortable temperature. The most important selection criteria for the cooling
system is maintaining a comfortable temperature for the device while in use as shown with the
highest weight percentage of 30%. From these selection criteria shown in the matrices above, our
team has decided to move forward with the fan and vent design concept for the cooling system.

3.2.2 Helmet Base
The main decision that had to be made regarding the helmet base was determining which system
to use to hold the electrodes. The mesh cap holds wet electrodes and the OpenBCI helmet uses dry
electrodes. Dry electrodes are more accurate in reading brain activity, but the mesh cap has the
ability to have the electrodes closer to the scalp, which is also important.
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A)Figure 16: Mesh Net Design
[7]

B) Figure 17: Open-BCI

C) Figure 18: PBM Helmet

[9]

[5]

By completing the screening matrix in Table 7 for both the mesh cap and the OpenBCI helmet, it
was determined to proceed with both options although the OpenBCI helmet base scored a higher
score. The team wanted to see and prototype how the LED arrays would be implemented on each
helmet base before proceeding with one option or the other.
Table 7: Screening Matrix for Shell Design
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New Designs:

Figure 19: Mesh Net plus Shell
A + Cap

Figure 20: OpenBCI with Electrode Pods
B + Pods
Thus, the new designs are seen in Figures 19 and 20. For the mesh net, a shell of LED diodes
like Dr. Berman’s existing helmet would have to be placed over the mesh to administer light
therapy to the patient. For the OpenBCI base, the LED arrays are able to be placed in the
openings of the honeycomb helmet.
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Table 8: Selection Matrix for Shell Design
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CHAPTER 4: BASE SYSTEM - OPENBCI HELMET
This chapter details how the team chose to use the OpenBCI system between the different
proposed options. It highlights some of the different EEG testing methods the team conducted to
come to this conclusion. The chapter also discusses how the team approached the creation and
printing of the OpenBCI helmet.
4.1 OpenBCI Motivation
The main selection criteria for our helmet shell included high density of LEDs, dry electrodes,
comfort, ease of use, adjustability, price, and closeness to scalp. One of the most important
selection criteria for the helmet shell is ease of use since this is a device that will be used
multiple times a day at home by a caregiver as shown with the highest weight percentage of
30%. It was also crucial that the LED diodes are as close as possible to the scalp, which is the
case for the “OpenBCI + LED Pods'' idea. With the mesh cap, a helmet of light will be 1-2 cm
away from the scalp, where the distance is lowered to only a few millimeters away from the
scalp with the OpenBCI concept. Additionally, the OpenBCI design uses dry electrodes, which
provide more shielding and are more accurate when compared to the wet electrodes that are used
for the mesh cap design. From these selection criteria, the team has decided to move forward
with the OpenBCI and LED Pods design concept for the helmet shell.
4.2 Prototyping Testing: Helmet Base
Although the OpenBCI and LED array design was selected, the team had wet electrodes in the lab
so decided to test these on a mesh cap to verify that the wet electrodes were indeed not as efficient
as the dry electrodes. With the guidance of Dr. Scott, the team was able to learn how to set up these
electrodes and run the data on the OpenBCI software. The team used a team member as our subject
and connected the wet electrode cap to their head, inserting the conductive gel into the electrodes.
The team chose different parts on her head to analyze, including CZ, F3, etc then connected the
corresponding electrodes to their respective wire connections and pins on the OpenBCI Board.
After that, the team ran the Bluetooth OpenBCI module and connected it to our computer. The
team was then able to run OpenBCI’s GUI Software, to allow us to read the electrodes. However,
this test run was very finicky with the electrodes not functioning or getting proper readings. Two
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of the electrodes were receiving extreme amounts of noise, and the others were not receiving any
readings. During this process, we learned that it may be due to the fact that the electrodes were not
touching the scalp properly. However, once we receive the 16 pin dry electrodes, this should
resolve the issue and we will be able to receive accurate readings.
Although our test run didn’t go as planned, the team learned a lot of useful information. We learned
how to set up the electrodes with the OpenBCI boards and GUI software. Moreover, we learned
that ideal readings should look like the amplitude of log waves. Most importantly it was determined
that the results were difficult to read with these wet electrodes and there was a lot of noise in the
data, thus confirming the team’s decision to move forward with the OpenBCI helmet and dry
electrodes instead.

Figure 21: OpenBCI Preliminary Testing and Electrode Connections to Computer
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Figures 22 & 23: Louisa with Wet Electrode Cap and Wires

Figure 24: Readings from Electrode Cap
*Note extreme noise and empty readings
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4.3 Building Helmet
Once it was determined that our team was going to proceed with the OpenBCI helmet as our
helmet base, the first step was to purchase the CAD file for this helmet from the OpenBCI
helmet. The CAD file is shown below in Figure 25, and is separated into two parts which are the
front and back of the helmet.

Figure 25: OpenBCI CAD File [9]
This file was 3D printed at the Maker Lab on campus, using the 3D printers and plastic PLA
filament that was provided by Santa Clara University. In order to print this helmet, multiple
supports had to be added to support the bowl shape of the helmet while printing. These supports
are shown in Figure 26. With the supports, each half of the helmet took around 24 hours to print.
Once the printing was completed, the supports had to be removed. Wire cutters, heat guns, and
pliers were used to cut off the supports, which took a total of four hours. The next step was to use
Epoxy glue to glue together the two helmet halves, which is shown in Figure 27.
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Figure 26: 3D Printed OpenBCI Helmet with Supports

Figure 27: Gluing Helmet Halves with Epoxy
The next step concerns the electrode rings, which are open source CAD files available on the
Open BCI website and shown printed in Figure 28. These rings came in two sizes, “tight” and
“loose”. Five of each size were 3D printed in the Santa Clara University Maker Lab, and were
also printed in PLA provided by the university. These rings fit perfectly into the circle openings
in the helmet and to stay secured, they were glued in with Epoxy. These rings allow for the
electrodes to securely screw into the helmet.

26

Figure 28: Electrode Ring Glued into Helmet
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CHAPTER 5: OVERALL SYSTEM SCHEMATICS
Our team created the following schematics in Solidworks to be able to visualize each component
of this project and their exact locations. This aided in the construction of the overall helmet.
The CAD files for the OpenBCI helmet, electrode rings, cyton board mount, and cyton board
cover were used from the files provided by the OpenBCI website. But the other components
including the electrodes, fans, LED arrays, control board, cyton board, daisy board, and cyton
board extension were not available so our team created those on Solidworks from scratch. The
construction of the purple OpenBCI helmet was detailed in Chapter 4.
5.1 Front View

Figure 29: Front View of Completed Helmet with Components
As shown in the front view of the helmet above in Figure 29, there is one fan on either side of the
helmet. These fans along with heat sinks that are attached to the LED arrays (not shown on the
schematic) make up the cooling system, which is a major subsystem of this project and will be
covered in depth in Chapter 7. There are multiple electrodes seen in turquoise that are located at
their respective specific locations, and which are responsible for reading brain activity. The
BIOE and ELEN team have detailed chapters on this subsystem in their thesis report. There are
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four LED arrays seen in muted pink color and although it is not shown in the schematic, each of
these arrays are connected via wires to the control board seen in green. The LED array is one of
the main subsystems of this project and will be further discussed in Chapter 6.
5.2 Side View

Figure 30: Side View of Completed Helmet with Components
In the side view shown in Figure 30, one of the fans can be clearly seen as it is placed in the
middle of the helmet. The process of attachment of these fans are detailed in Chapter 7.
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5.3 Bottom View

Figure 31: Bottom View of Completed Helmet with Components
The side view in Figure 30 and bottom view in Figure 31 are included to more clearly visualize
the locations of the components of the helmet. In the bottom view, the red circles represent the
LED diodes and will be what is in contact with the scalp of the user.
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5.4 Exploded View

Figure 32: Exploded View of Back of Helmet
In Figure 32, there is an exploded view of the components that are on the back of the helmet. The
Cyton board and Daisy board are connected via pins and are responsible for reading brain
activity and communicating to a nearby computer via bluetooth. The cyton board mount, cyton
board cover, and cyton board extension are pieces of plastic that are used to hold and secure the
Cyton and Daisy board to the helmet. In Figure 33 below, one can see what the actual Cyton and
Daisy board look like, apart from the solidworks drawing.
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Figure 33: Connected Cyton and Daisy Boards [10]
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CHAPTER 6: LED ARRAY
The motivation and creation of the LED array is discussed throughout this chapter. This is
expanded on through the design process and prototyping of the LED array.
6.1 Motivation
From speaking with Dr. Berman, he informed us that 1070 nm wavelengths elicited the best
results for the patient, which is why LEDs at this wavelength are used in the existing
Neuroradiant light therapy helmet [5] Unfortunately due to supply chain issues the team was
unable to acquire these LEDs and opted for 850nm LEDs which are the same size, emit the same
amount of heat, and also offer favorable results during treatment. The main parameters when
creating the LED array was the need for the arrays to fit in the spaces in between the electrodes
of varying sizes and the need for the LEDs to be at most a few millimeters away from the scalp
in order to maximize healing capabilities.
6.2 Design Process
The design process for the LED array included creating a rough sketch of our initial design
shown in Figure 34. This preliminary design features a 3D printed piece on top created using
Solidworks, a PCB (printed circuit board) with LEDs on the bottom, a piece of foam in the
middle, with the entire array connected together and to the helmet with zip-ties. Because one of
the main parameters to the LED array design was to have the LEDs as close to the head as
possible, the team wanted something flexible in between both boards to allow for customization
among each patient. In the preliminary design, the team chose foam but due to sanitation issues
the team then chose to implement springs into our final design.
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Figure 34: Preliminary LED Array Design
The team wanted the arrays to fit in the spaces in between the electrodes and because they are of
all shapes and sizes the team opted for a 3D printed piece as the top of our LED array with
different sizes shown in Figure 35. As you can see in Figure 35, the majority of the pieces were
the same shape, as the honeycomb structure in the OpenBCI helmet remained pretty uniform
throughout. However, the team had to slightly modify the design to three different pieces since
this honeycomb shape was slightly different depending on its location on the helmet. The team
took measurements of the spaces in between each electrode and found that the shapes and sizes
of the pieces shown in Figure 35 allowed for the LED arrays to fit in every space along the
helmet.

Figure 35: Variations of 3D Printed Piece
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6.3 Final Design
The final design of the LED array shown in Figure 36 was similar to the preliminary design
shown in Figure 34. One difference is the change from foam to springs in between the 3D printed
piece and the PCB. Another difference is the switch from zip ties to the use of epoxy on both
ends of the springs. We also added heat sinks to the back of the PCB to dissipate some of the
heat coming from the LEDs.

Figure 36: Final LED Array Design
Figure 37 shows a picture of one of our completed arrays.

Figure 37: Completed LED Array
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CHAPTER 7: COOLING SYSTEM
This chapter includes information about the cooling system implemented by the team. This
includes background on the selection, product specifications, and installation of the fans and heat
sinks onto the helmet.
7.1 Fans
Our second subsystem is the cooling system, which is essential in maintaining a comfortable
temperature and experience for the user of the helmet. The team decided to purchase and
integrate two existing small fans on the helmet, which were purchased from Amazon and shown
in Figure 38.

Figure 38: Helmet Fan Purchased from Amazon [11]
There is one fan on either side of the helmet as shown in Figure 39. These fans will be turned on
for the entire length of the light therapy session and the air flow with the fans in the shown
locations will provide ventilation and coverage for a majority of the LED arrays.
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Figure 39: Fans Connected on Helmet
These fans were specifically chosen because first, they had a low noise level of 34.5dBa. These
fans are placed on a spot of the helmet that is close to the patient's ears, so the team wanted to
make sure to not use fans that were too loud. These fans also have a voltage of 5 V, power of 2
Watts, airflow of 6.83 CFM, and a speed of 3,000 rpm, all of which matched up with the
specifications that had to be met for this device.
To connect these fans to the OpenBCI helmet, we started with measuring the fans when they
were placed up to the helmet to visualize where we wanted to mount them. From here, a 2D
drawing on Solidworks was created with dimensioned cuts, as shown in Figure 40. The OpenBCI
helmet was then taken to the Santa Clara University Machine Lab. With the help of Professor
Broome, we sawed through the plastic on either side of the OpenBCI helmet at the dimensions
from the drawing. The excess plastic was pulled off and recycled.
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Figure 40: 2D Sketch of Side of Helmet with Fan Cuts

Figure 41: Sawing OpenBCI Helmet
The final step was to insert the fan into the newly made opening in the helmet, as seen in Figure
41. The purchased fan has two attachments with holes intended for screws, but these were
perfect to use to zip tie the fans to the helmet, as shown in Figure 42. For the purpose of testing
and designing for this year, the zip ties were sufficient and sturdy. But, in the following years
and future groups who take on this project as a continuation project, a more sophisticated fan
connection can be implemented.
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Figure 42: Fan Zip Tied into Helmet
7.2 Heat Sinks
In order to further cool the LED Arrays, the team decided to utilize heat sinks on each printed
control board. This decision was made because heat sinks are extremely effective at significantly
reducing heat of an object due to an increase in surface area for heat dissipation. The team
worked with Electrical Engineers on the other NeuroGen team to select and order heat sinks off
Amazon. The specific pack was chosen due to the small size of the heat sinks. Additionally, the
team decided to purchase heat sinks with thermal tape. The link to the specific heat sinks used
can be found in the reference section of the thesis [12].
In order to maximize the efficiency of these heat sinks, the team covered the majority of each
printed control board with heat sinks. These were placed in no particular order or arrangement,
however, the team made sure to leave room for two springs, which attach the printed control
board to the LED arrays (as seen in Figure 43). Overall, each printed control board contained
four to seven heat sinks each.
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Figure 43: Example Heat Sink Placement on Printed Control Board Created By the Team
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CHAPTER 8: TESTING RESULTS
Chapter 8 highlights the testing conducted by the team to ensure an effective cooling system.
Testing parameters and scenarios are discussed in detail and a graph of the results is included.
There is also an in depth discussion on testing conclusions and necessary changes the team had
to make to the cooling system.
After successfully assembling and creating the LED arrays and cooling system, the team began
temperature testing. The team consulted with Santa Clara University’s Mechanical Engineering
Department Chair, Dr. Hohyun Lee. Dr. Lee is a professor and researcher in thermal studies and
heat transfer. After consulting with him, the team decided that running a temperature test with a
thermocouple touching the LED would be the most effective course of action.
8.1 Testing Parameters
In order to perform the most accurate and controlled testing, the team considered the following
time and parameters. To begin, each test scenario was run over a ten minute period. Ten minutes
was chosen because this is the time it takes for the PBM light therapy to be administered to
patients. Additionally, the team took measurements every thirty seconds over this ten minute
period. Thirty seconds was chosen so that measurements were constantly being recorded for
accuracy. The test was also run on an LED array with only four heat sinks (each PCB had
between 4-7 heatsinks). The team agreed to conduct testing on an LED array with the smallest
number of heat sinks since this would produce the LED array with the highest temperature. Other
constants included running each LED array on at full power which was approximately 4 Watts
and each array contained 96 LED’s.
8.2 Test Scenarios
Four test scenarios were run during temperature testing. They included the following:
1. No Cooling System: Just LED’s
2. Heatsinks on the Printed Control Boards
3. Heatsinks on PCB and Fans on in the Helmet
4. Heatsinks on PCB and Fans on with Device on Head
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It is important to note that these temperature tests were run without the Helmet Shell Subsystem.
Due to unforeseen difficulties, the team was unable to print the helmet shell in time for testing.
8.3 Results/Data
When analyzing the data in Figure 44, it is clear that after approximately 200 seconds, the
temperature reaches a steady state in every test scenario. Additionally, it was extremely
noticeable that the heatsinks made the most difference in temperature. Utilizing Excel, the team
was able to find that across the ten minute period the heatsinks reduced the temperature by
14.7℃. The fan cooling system further cooled the LED arrays by 5℃. The maximum
temperature that the human head reached with the device on the head was 40.3℃.

Figure 44: Temperature Testing Results
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8.4 Testing Conclusions
After the Senior Design Conference, the Bioengineering portion of the NeuroGen team began
benchtop testing for EEG functionality. During this testing, they found that there was significant
interference with the EEG, thus resulting in lots of noise and inaccurate readings. After further
inspection, they came to the conclusion that the fans are a significant source of electromagnetic
interference with the EEG’s functionality. This is likely due to a magnet in the motor of the fans.
For this reason, the team had to eliminate the use of the fans as part of the cooling system in the
integrated EEG-PBM device. Given this late discovery, the team had to change the testing
conclusions and outcomes.
From the testing, the team was able to conclude that the PBM device alone is safe for use on a
human head. A main indicator that this cooling system was successful was that our test subject
shared that they could not feel any heat on their head over the ten minute period and that they
were not uncomfortable heat-wise. Furthermore, the team was able to conclude that the cooling
system was effective and the device was safe using standard safety conditions. A temperature of
43℃ was listed as a constraint to our team, as 43℃ is a maximum temperature typically used for
wearable medical devices on the head. This comes from the Medical Safety Standard IEC606011. This standard states that the maximum allowable temperature of an applied part having contact
with a patient for ten minutes or less is 43℃ [13]. Because our maximum head temperature was
40.3℃, our data was significantly below this maximum condition. Thus, we were able to
conclude that our device and cooling system were a success for the PBM device alone.
However, when considering the use of the team’s cooling system with the hybrid EEG and PBM
system, there were different testing conclusions. Since the team could not use the fans due to the
interference with EEG’s, the team had to simply rely on the heatsink cooling system. With just
the heatsinks in use, the team was able to conclude that the device is not safe for use on a human
head. This is because with the heatsinks in use, the maximum temperature the LED’s reached
was 47.4℃. This is significantly hotter than the allowed Medical Safety Standard IEC 60601-1
of 43°C for ten minutes or less [13]. For this reason, the heatsinks alone would not be an
effective cooling system for the hybrid EEG and PBM system.
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Overall, the PBM device alone had a sufficient cooling system. However, due to the interference
created by the fans which was discovered towards the latter end of the project, the cooling
system was not effective for the hybrid EEG and PBM system. In future iterations of this project,
the team proposes that the power output of the LED’s be reduced to maintain safe temperature
ranges.
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CHAPTER 9: HELMET SHELL
The helmet shell creation is discussed in the following chapter. There is extensive information
about the design including different dimensioning, detailed cuts, and modifications made to
accommodate different components of the OpenBCI device.
9.1 Motivation
The creation of the helmet shell was done for multiple reasons. To begin, the team recognized
that a helmet shell was necessary to help with wire maintenance. As seen in Figure 45, the wires
are tangled and can be moved out of place. There is no immediate solution to this problem and
patients/users can easily move around or unplug these wires causing a safety issue and/or the
device to not function properly.

Figure 45: Wiring of OpenBCI Helmet
The team also decided to create a helmet shell for aesthetic purposes. Figure 45 shows a device
which looks scary and overwhelming, and the team recognized that many patients of this device

45

may have neurodegenerative diseases, causing this device to look even more daunting. For this
reason, a helmet shell would help the device look more inviting.
9.2 Design Process
In order to design this device, the team knew that it was important to create some type of helmet
design. For this reason, the team looked up “How-To” videos on Youtube for how to create a
helmet shell in Solidworks. One video in particular, provided a general overview of how to
design a baseball helmet for beginners, and the link to the video is cited in references [14]. The
team referenced this video and created this part in Solidworks. As seen in Figure 46, this is the
helmet shape that the team used as a base. From there, the team began dimensioning the
OpenBCI helmet in order to modify the base helmet dimensions accordingly. As seen in Figure
47, the team took detailed measurements and notes for the dimensions of the OpenBCI helmet.
When dimensioning, the team took into consideration the maximum height of the electrodes
coming out of the helmet plus the wires that were coming out of each electrode. Using this
information, the team added one additional inch to all of the original dimensions taken down.

Figure 46: Initial Helmet Design from Youtube [14]
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Figure 47: Dimensioning Notes for Helmet Shell Design (in inches)
Once all the dimensions were documented, the team began modifying the base design of the
helmet in Solidworks. This included deleting any details that were unnecessary such as the
helmet brim and side flaps, which are shown in Figure 46. After this, the team began changing
the dimensions of the original design that were simply taken from the Youtube video. By taking
the ratio of the existing dimensions and referencing that with the recorded dimensions of the
OpenBCI helmet, the team was able to ensure that the scale of the helmet was right when
converting to new dimensions. For example, the original dimensions included a width of 99mm,
as seen in Figure 48. Our known dimension for this width was 117.475mm. To find the rest of
the dimensions needed to maintain the same helmet shape in Figure 48, the team utilized ratios.
For example, we did the following: 99 ⁄ 94 = 117.475/𝑥
By solving for X, the team was able to find the correct dimension to maintain the helmet shape.
We continued to do this for all dimensions of the helmet. Because of this, the team was able to
correctly re-dimension the entire helmet shell. The next steps included creating a back cut, fan
cuts, and vent cuts.
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Figure 48: Original Dimensions of Youtube Referenced Base Helmet [14]
9.3 Fan Cuts
In order to add fan cuts into the helmet, we simply inserted a sketch into the design with an arc,
as seen in Figure 49. When dimensioning this arc, we utilized a radius of 2 inches. This radius
was done simply because the team knew the diameter of the fans was around 4 inches. The
measurements for our fan cut did not have to be exact, as our goal was simply to provide a
somewhat open space for the fans to pull air in. Moreover, this arc was cut 2 inches from the
bottom of our helmet creation. This was done because the height of the original helmet shell in
Solidworks was 8.98 inches. Our dimensions of the OpenBCI helmet height (including
electrodes and wires) was only 6 inches. This allowed the team to cut the arc 2 inches from the
bottom of the surface without worrying about cutting too much of the helmet off. Then, using the
“Trim Surface” feature in Solidworks, the team selected the area below the arc and trimmed it on
both sides, which is shown in Figure 50. The team was then able to create adequate fan cuts for
this helmet shell.
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Figure 49: Arc Sketch to Create Fan Cuts on Helmet Shell

Figure 50: Trimming for Fan Cuts
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9.4 Back Cut
The next cut the team made was cutting the back of the helmet. This was necessary because all
of the control boards on this device such as the Cyton and Daisy Boards are placed at the back of
the helmet. Additionally, these boards have all of the wires connected to them. For this reason,
the team decided to cut off a large portion of the back of the helmet for easy access to all of these
components. The team began by creating a reference plane in Solidworks two inches from the
back of the helmet. Two inches was chosen because we decided as a team that this would be a
good reference amount to cut off in our test creation of this helmet. The team then inserted a cut
along this plane to create a uniform cut on the back of the helmet, as seen in Figures 51a and
51b. This amount ended up being sufficient and allowed enough room for all the control boards
on the back of the OpenBCI helmet.

Figure 51a: As seen on left, back plane cut
Figure 51b: As seen on right, back cut completed
9.5 Vent Cuts
The team’s final step was to create vent cuts in this helmet. This was crucial to ensure that heat
from the device would not get trapped in our helmet shell. By creating a 3 Point Arc Slot on one
side of the helmet, we were able to create one fan cut. With this slot, the team then used the
“Extruded Cut” feature on Solidworks to create a cut “Through All - Both” of the entire helmet,
as seen in Figures 52a and 52b. This cut created two mirrored cuts on each side of the helmet.
Lastly, the team created a third vent cut on the top of the helmet. Utilizing a “Straight Slot” Arc
to create an arc sketch, we made this on the very top view of the helmet. Then, we did another
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Extruded Cut with “Through All - Both” to cut the top of the helmet, as seen in Figure 53. None
of these sketches were done with dimensions, and were simply created visually with what the
team deemed fit.

Figure 52a: As shown on left, Side cut of Helmet Vents
Figure 52b: As shown on right, Extruded Cut of Side Vents

Figure 53: Top Fan Vent Sketch and Extruded Cut

51

9.6 3D Print of Helmet Shell
The next and final step was sending the helmet shell to the Maker Lab to print it out. The team
ran into issues with the helmet being too big to print in the Lab, so accommodations had to be
made. After lots of different brainstorming, the team decided to create two big cuts on the helmet
shell, cutting it into four different pieces to be printed. As shown in Figure 54, this is one of the
four helmet shell pieces cut out. Overall, the team did not dimension the cuts and simply visually
cut the helmet in Solidworks to make each piece roughly equal and small enough to fit on the
printer. The printing of all the pieces took approximately 19 hours each. Once this printing
process was complete, the team took the printing supports off the helmet shell (supports seen in
Figure 54) and used epoxy to assemble the final helmet shell, as shown in Figure 55.

Figure 54: One 3D Printed Piece of Helmet Shell
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Figure 55: Final Assembled Helmet Shell
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CHAPTER 10: BUDGET
Chapter 10 explains the donations and supplies given to the team by different organizations at
Santa Clara University, as well as a detailed breakdown of the budget.
The Mechanical Engineering Team’s initial expected costs were approximately $1,347, so the
School of Engineering gifted us $1,500. However, our team made it a goal to be as cost efficient
as possible. With this being said, the team was able to significantly reduce costs by utilizing
different supplies and materials that were provided by Santa Clara University’s School of
Engineering and BioInnovation and Design Lab. Table 9, provides a detailed list of materials and
supplies that were donated by Santa Clara University.
Given all of the donated supplies and materials, the team was able to significantly reduce costs
and only ended up spending a total of $376.65, as shown in Table 10. This left our team with
$1,123.35 of leftover money, which in turn benefitted the NeuroGen team as a whole. As a large
interdisciplinary team, the team ran into a few unexpected costs: this included needing to buy 16
new, more effective electrodes, electrical engineering components like soldering material, and
more. For this reason, NeuroGen as a whole was able to utilize our MECH team leftover budget
for these unexpected costs.
Table 9: Donated Materials and Supplies
Materials

Donated/Supplied By

ULTRACORTEX "MARK IV" EEG HEADSET

BioInnovation and Design Lab

Thermocouple Thermometer

Mechanical Engineering Department

3D Printer

Maker Lab

PLA Filament

Maker Lab

PETG Filament

Maker Lab

Prototyping Materials (Putty, Foam, Cardboard)

BioInnovation and Design Lab
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Table 10: Detailed Mech Budget
Purchased Materials

Cost ($)

Springs (5 Packs @ $5.39 each)

$26.95

Infrared 850nm LED’s SML-S13RTT86

$236.00

Battery Pouch

$15.99

Portable Charger 38800mAh

$28.75

TalentCell Rechargeable 12V Battery

$27.99

GDSTIME 75mm USB Fan, 75mm x 15mm Blower Fan
(2 Fans @ $12.99 each)

$25.98

Easycargo 100pcs Heatsink Assortment Kit

$14.99

Total:

$376.65
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CHAPTER 11: ENGINEERING STANDARDS
As engineers, we have a duty to consider a multitude of different engineering standards. This
chapter aims to highlight different ethical and societal implications on the implementation of a
new product and technology, as well as understanding the customer and the usability of our
product.
11.1 Ethics
The team chose this project because we believe in helping build a world in which all people have
a right to live as functionally as possible, particularly in memory and behavior. Typically
Alzheimer’s, dementia, stroke, and other brain injury patients have their identity taken from them
and they struggle to maintain a strong grasp on reality. Our team recognizes that losing one’s
faculties is devastating (things that were once second nature become laborious and/or
impossible). With this being said, we believe that no matter your age, status, gender, etc we have
an ethical responsibility to help these patients live their life as comfortably and functionally as
possible. As engineers, we also have a moral responsibility to help research and advance any
technologies which can treat and/or cure these patients. For these reasons, we have chosen to
take on the PBM-EEG Project. Given the promising results from clinical trials (increased
memory and recall in patients), as a team we knew we had to take on this project. We hope to
fulfill our moral and ethical duty by helping design and create a helmet which utilizes all of this
promising technology.
When looking at what it means to be a good engineer, virtue ethics can be used as it addresses
broad concerns such as good judgment and motivation. This is used in specific habits of thinking
that are outlined in Charles Harris’ article “The Good Engineer: Giving Virtue Its Due in
Engineering Ethics” [15]. The first habit is techno-social sensitivity. For this project, the effect of
technology on society is that our light therapy helmet is helping alleviate the symptoms of
multiple diseases and conditions. But, this project has taught us that social forces have a large
part in affecting technology as well. Through conducting interviews with doctors and close
contact to patients who have used this therapy, we have learned essential pieces of information
needed to create a successful helmet. This has taught us that it is important to conduct research
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and listen to the needs of the patients when designing a medical device, so that the patient can
receive the best support and treatment. This also ties into Harris’ habit of “commitment to the
public good” because we have made crucial design decisions based on the awareness of helping
the greater good. For example, we heard from patients that a heavy and a loud helmet caused
unnecessary anxiety for patients who already experienced heightened stress, so extra
modifications went into reducing these parameters. Also, the current light therapy helmets on the
market are expensive and not ideal for the average patient, which is why our team made it one of
our core goals to make an affordable helmet. Additionally, this project has taught us teamwork
skills and improved our courage by feeling comfortable communicating with one another and
speaking our minds.
While this project has the potential to benefit many of those who have brain diseases and
injuries, there are still risks associated with the use of our helmet. The most prevalent risk
includes the potential to get burned from the light therapy LEDs in the event that the cooling
system does not work properly. While the risk of being burned by the LEDs is low, with the type
of patients the light therapy is intended to treat, the patients might not have the capacity to react
if it is too hot. Additionally, with diseases like Alzheimers and dementia, many of the users
might not be able to give informed consent. This is a problem for us as engineers as the principle
of informed consent is a large part of our ethical code. In these extreme cases, the caregiver must
provide consent on behalf of the patient. Because of this, our job as engineers and providing the
best information is paramount. We must be able to articulate all of the risks associated with using
our helmet to someone who might not be able to fully comprehend or to a caregiver.
11.2 Science, Technology, and Society
The development of this product aims to help change the world by significantly helping those
with neurodegenerative diseases. Currently, there are no physical therapy devices on the market
for neurodegenerative diseases such as Alzheimer’s, Parkinson’s, or stroke patients. With the
creation and engineering of this device, the industry will see a unique and new product. There
will be novel implications and positive effects on the world and this industry in particular.
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Ideally, this product will have great effects by utilizing EEG-PBM technology to create a catered
physical therapy product which will repair and regenerate brain tissue. Similar to Dr. Marvin
Berman’s studies, this device will help improve recall and memory in patients [3]. This will
likely have a positive impact on patients by helping to slow their disease and/or improve quality
of life. Not only will this have a positive impact on patients, but it will also have a positive
impact on patients’ loved ones by giving them more quality time with the patient. Moreover, the
cost efficiency of this product will provide more access to patients of different economic
statuses. By giving more access to this device to more patients, there is a potential overwhelming
positive impact on millions of patients suffering from different neurodegenerative diseases.
Overall, there are lots of positive effects on society by the creation of this device.
But, it is also important to consider any negative effects or consequences that may arise through
the development and use of this device. Since there are no similar devices currently being used
on the market, many people in society may feel uneasy trying out this new device. Another large
consequence of using this device is that the long term effects of EEG-PBM technology is
unknown. Since this technology is so new, there is little to no research regarding what the effects
of using light therapy for long periods of time is on the human body. With new technology, there
are often a lot of unknown variables and consequences that may arise, which is why it is essential
to monitor patients and how society is reacting to this new device.
To conclude, the team recognizes the potential that this new science and technology has on
society. However, there are always negative consequences that can arise and it is imperative to
understand this so that when these issues arise they can be addressed as quickly as possible.
Considering humans and society is extremely important in the creation of a device and when
implementing a new product one must ensure that the benefits outweigh the consequences.
11.3 Usability
Usability for patients and their caregivers was the team’s top priority when designing our device.
The team realizes that this device will be used primarily in households with little to no medical
training so the device needs to be very user-friendly. Our device is easily turned on with just
simply plugging the device into power packs and is fairly straightforward once in use. The code
in the device utilizes the feedback from EEG readings to customize the intensity of the PBM
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therapy so there is no outside coding required. Additionally, our device is portable and
lightweight, making it easily transportable by both patients and caregivers. Our device is also
aesthetically pleasing with all wires hidden underneath the helmet shell which allows for our
device to look less intimidating for patients and the caregivers who have to operate it.
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CHAPTER 12: CONCLUSIONS
This final chapter includes a table of specifications the team completed for this project. It
discusses what the team was able to accomplish with information to back this up and has final
recommendations for a continuation of the project next year.
12.1 Outcomes
One of the main goals was to create an effective cooling system and through the use of fans and
heat sinks the team was able to reduce the heat by 16.6 ℃ and keep the scalp temperature below
50 ℃. Another goal was to integrate the infrared LEDs into the OpenBCI design and the team
ended up adding over 384 LEDs across 4 LED arrays which surpasses the 256 LEDs on Dr.
Berman’s device. The team was also successful in integrating both the PBM and EEG
components with the ability to integrate over 10 programmable modules with 96 LEDs each
which is much better than the usual 7 modules available on the market, maintaining the helmet
weight below 4 lbs at 2.36 lbs, and effectively designing the helmet shell which maintains the
wires and also provides a level of safety for the patient. Table 11 represents a summarized
version of our device outcomes.
Table 11: Parameters vs Outcomes
Metric

Parameters

Completed

Diodes

>256

384

Max Temp

43℃

40.3℃

Electrodes

19

19

Max Weight

<4lbs

2.36lbs

Modules

>7

Up to 10
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12.2 Conclusion
Currently, there are no products on the market that can simultaneously record brain activity
while also administering light therapy to patients who have neurodegenerative diseases. The goal
for our team was to integrate PBM and EEG components to create a device that uses
instantaneous EEG neurofeedback to help create a PBM signal control interface. The mechanical
subteam was responsible for integrating these components as well as creating a cooling system
and helmet shell. After conducting thermal testing using a thermocouple, it was found that the
cooling system was sufficient in dissipating the necessary heat from the LED arrays to keep the
scalp temperature below 43℃. Additionally, the device was successful in meeting all necessary
and important parameters as shown in Table 11.
12.3 Continuation Project
For the next team who will be taking on our project there are some things that the team wished
we could have accomplished but were unable to address given the time constraints. One thing
would be to add more LED arrays - the team currently has 4 completed arrays but the helmet has
the capability to house 10 of these LED modules. Another would be to add the 1070 nm LEDs
from Dr. Berman’s research. Yet another one would be to add a connection from the shell to the
helmet as well as increase the comfort of the helmet by possibly adding padding and a chin strap.
As this project is developed, it is important to conduct substantial testing on actual patients or
test subjects so that the integration and interaction of PBM and EEG can be tested and improved
upon.
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APPENDIX A
Appendix A highlights the presentation slides from the team’s Senior Design Conference
Presentation. It includes many of the same detailed images included in this thesis as well as a
more simplified rundown of this project.
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